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(54) Haemodialysis machine 

(57) Haemodialysis machine (1) provided with a 
blood purification unit (2) through which is conveyed the 
blood of the patient that is to be purified of toxic sub- 
stances in solution; and provided with a liquid reinte- 
grating device (5) capable of mixing into the blood 
leaving the purification unit (2) a reinfusion liquid for 
restoring the correct percentage of salts and liquids in 
the blood; the liquid reintegrating device (5) being pro- 
vided with a capillary fibre filter (1 5) arranged in tandem 
with the purification unit (2), within which the reinfusion 
liquid is simultaneously filtered and mixed with the blood 
of the patient that is circulating in the capillary tubes 
(15b) of said capillary fibre filter (15). 
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Description 


[0001 ] The present invention relates to a haemodialy- 
sis machine. 

[0002] As is known, some machines for treating 
chronic renal failure, generally known as "haemodialysis 
machines", provide for the patient's blood, after it has 
been conveyed through a Wood purification unit and 
before being transfused to the patient, to be mixed with 
a reinfusion liquid so as to reintegrate the solutes dis- 
solved in the Wood and to achieve a suitable hydric bal- 
ance. 

[00031 In machines of this sort the blood purification 
unit normally comprises a capillary fibre filter, inside 
which the patient's Wood is put into contact, by the inter- 
position of a semipermeable membrane, with a dialysis 
liquid, so that the toxic substances present in the blood 
may pass by osmosis from the patient's blood to the 
dialysis liquid; a vessel for collecting the dialysis liquid; 
pumping means for conveying the dialysis liquid from 
the collection vessel to the capillary fibre filter, and from 
the capillary fibre inter to a discharge pipe; and finally a 
first filtering member capable of filtering the dialysis liq- 
uid before it reaches the capillary fibre filter. 
[00041 Haemodialysis machines also comprise pump- 
ing means capaWe of collecting the patient's blood, con- 
veying it through the capillary fibre filter, and finally 
returning it to the patient's circulation; and a dripping 
device provided downstream of the capillary fibre filter 
in order to remove from the purified blood any air bub- 
bles that might cause embolisms or other very serious 
disorders in the patient. 

[00051 At present, the reinfusion liquid is mixed with 
the patient's blood in conjunction with the dripping 
device, and for this purpose haemodialysis machines 
comprise a vessel for collecting the reinfusion liquid, 
and pumping means for supplying the reinfusion liquid 
from the collection vessel to the dripping device. 
[00061 In view of the affinity between the reinfusion liq- 
uid and the dialysis liquid, some haemodialysis 
machines use the dialysis liquid itself as reinfusion liq- 
uid; however, these do not have the vessel for collecting 
the' reinfusion liquid, and the means for pumping the 
reinfusion liquid are inserted into the hydraulic circuit 
that supplies the dialysis liquid to the capillary fibre filter, 
so as to supply the dialysis liquid also to the dripping 
device. 

[0007] In this case, haemodialysis machines also 
comprise a second filtering member capable of filtering 
the reinfusion liquid before it reaches the dripping 
device, so as to prevent the patient from coming into 
contact with toxic substances suspended in the reinfu- 
sion liquid. 

[0008] The means for pumping the reinfusion liquid 
are normally inserted into the hydraulic circuit that sup- 
plies the dialysis liquid to the capillary fibre filter, down- 
stream of the first filtering member, so that the dialysis 
liquid, before reaching the dripping device, may be sub- 


jected to filtering action by either the first or the second 
filtering member. 

[0009] As is known, at the end of treatment for each 
patient, it is essential to sterilise the haemodialysis 
5 machine, in order to avoid any toxic substances or bac- 
teria contained in the blood of the patient that has just 
been treated from being transferred to the blood of the 
patient that is to be treated. Methods for sterilising the 
machine vary according to how many and which corn- 
to ponents have to be reused. 

[0010] Unfortunately, haemodialysis machines as 
described above have the great drawback of requiring 
particularly careful sterilisation, which puts them out of 
action for long intervals of time. 
is [0011] In fact, in the machine described above, the 
second filtering member, because it is relatively expen- 
sive, is reused for a certain number of dialysis treat- 
ments before being replaced, so as to reduce the costs 
of the exercise. This need means it is essential to sub- 
20 ject the second filtering member to careful sterilisation 
at the end of each dialysis treatment, necessarily fol- 
lowed by a structural check to assess the filtering 
capacity. 

[0012] Sterilisation requires, first, the washing of the 
25 second filtering member with a bactericidal liquid, and 
then the rinsing of the filtering member with uncontami- 
nated water, so as to remove any residual bactericidal 
liquid. 

[0013] Since the bactericidal liquid is, however, 
30 extremely toxic, the rinsing phase has to last for a long 
time, during which samples of the washing water must 
be collected periodically for laboratory analysis to check 
the percentage of bactericidal liquid present in said 
water, so that the rinsing phase is interrupted only when 
35 the residual bactericidal liquid is below a certain thresh- 
old of tolerance. 

[0014] Like the sterilisation, the structural check also 
requires a long period of time and even then does not 
guarantee that the second filtering member, despite 
40 having successfully passed the structural check, might 
then rupture during treatment, making it possiWe for 
toxic substances to pass into the patient's blood. 
[0015] The object of the present invention is to pro- 
duce a haemodialysis machine that can obviate the 
45 drawbacks described above. 

[001 6] According to the present invention, a haemodi- 
alysis machine is produced that comprises a purification 
unit through which is conveyed the Wood of the patient 
that is to be purified of toxic substances in solution, a 
so blood supply circuit capable of conveying the blood of 
the patient through said purification unit and a liquid 
reintegrating device capable of mixing into the Wood 
conveyed through said purification unit a reinfusion liq- 
uid that is capaWe of restoring the correct percentage of 
55 salts and liquids in the blood; the liquid reintegrating 
device comprising a source of reinfusion liquid, mixing 
means arranged along said Wood supply circuit and 
connected to said source in order to mix the reinfusion 
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liquid with the Wood conveyed through the purification 
unit, and at least one filtering member placed between 
said source and said mixing means; said haemodialysis 
machine being characterised by the fact that said filter- 
ing member is incorporated into said mixing means, so 5 
as to filter the reinfusion liquid at the same time as mix- 
ing the reinfusion liquid itself with the blood conveyed 
through said purification unit. 
[0017] The present invention will now be described 
with reference to the attached drawing, which illustrates 10 
diagrammatically, and with parts removed for clarity, a 
non-exhaustive embodiment thereof. 
,[0018] The present invention will now be described 
with reference to the attached drawings, which illustrate 
a non-exhaustive embodiment thereof, in which: is 

Figure 1 illustrates diagrammatically, and with parts 
removed for clarity, a haemodialysis machine pro- 
duced according to the dictates of the present 
invention; 20 
Figure 2 illustrates diagrammatically, and with parts 
removed for clarity, a variant of the haemodialysis 
machine illustrated in Figure 1 . 

[0019] With reference to Figure 1, the reference 25 
number 1 indicates, as a whole, a machine for treating 
patients suffering from chronic renal failure, commonly 
known as haemodialysis machines. 
[0020] The haemodialysis machine 1 comprises a 
blood purification unit 2, through which is conveyed the 30 
blood of the patient that is to be purified of any toxic sub- 
stances; a blood supply circuit, connecting the purifica- 
tion unit 2 to the patient; one or more circulation pumps 
3 capable of maintaining the flow of blood that passes 
through said purification unit 2 at a fixed value; and a 35 
dripping device 4 of a known type, which is capable of 
removing from the blood, when it leaves the purification 
unit 2, any air bubbles which, if they reached the patient, 
could cause an embolism or other serious disorders. 
[0021 ] The haemodialysis machine 1 also comprises 40 
a liquid reintegrating device 5 capable of mixing with the 
blood leaving the purification unit 2 a saline solution, 
commonly known as "reinfusion liquid", which can 
restore the correct proportion of salts in solution in the 
blood, also reintegrating part of the liquid removed from '45 
the blood inside the purification unit 2. 
[0022] The blood supply circuit comprises two pipes 6 
and 7 made of plastic material, the first of which is capa- 
ble of conveying to the purification unit 2 the blood flow- 
ing inside one of the patient's arteries; the second of so 
which is capable of conveying into one of the patient's 
veins the blood that has just been purified inside said 
purification unit 2. 

[0023] In the example illustrated, along each of the 
two pipes 6 and 7 there is arranged respectively a circu- 55 
lation pump 3 preferably, but not necessarily, of peristal- 
tic type. 

[0024] With reference to Figure 1 , the purification unit 


2 comprises a capillary fibre filter 8 of a known type, 
inside which the patient's blood is put into contact, by 
the interposition of a semipermeable membrane, with a 
dialysis liquid so that any toxic substances present in 
the blood may pass by osmosis from the patient's blood 
to the dialysis liquid; a vessel 9 for collecting the dialysis 
liquid; and a pumping unit 10 capable of transferring the 
dialysis liquid from the vessel 9 to the capillary fibre filter 
8. The purification unit 2 also comprises a discharge 
pipe 11, through which the dialysis liquid contaminated 
by the toxic solutions transferred from the blood is dis- 
charged from the capillary fibre filter 8, and a filtering 
member 1 2 capable of filtering the dialysis liquid leaving 
the vessel 9 in order to keep upstream of the capillary 
fibre filter 8 any impurities that are present in suspen- 
sion. 

[0025] In the example illustrated, the capillary fibre fil- 
ter 8 is constituted by a liquid-tight container 8a having 
inside it a bundle of capillary tubes 8b made of semiper- 
meable material. The container 8a is connected to the 
discharge pipe 1 1 and to the pumping unit 10 so as to 
be kept constantly full of dialysis liquid; while the bundle 
of capillary tubes 8b connects together the pipes 6 and 
7 so that the patient's blood, passing through the capil- 
lary tubes 8b, can transfer toxic substances in suspen- 
sion by osmosis to the dialysis liquid that washes the 
outer surface of said capillary tubes 8b. 
[0026] With reference to Figure 1 , the liquid reintegrat- 
ing device 5 comprises a mixing and filtering assembly 

15 interposed between the blood purification unit 2 and 
the dripping device 4; a collection vessel for the reinfu- 
sion liquid corresponding, in the example illustrated, to 
the dialysis liquid collection vessel 9; and a circulation 
pump 16 preferably, but not necessarily, of peristaltic 
type, capable of conveying to the mixing and filtering 
assembly 15 part of the dialysis liquid leaving the filter- 
ing member 12. , 

[0027] The mixing and filtering assembly 1 5 is consti- 
tuted by a capillary fibre filter comprising a liquid-tight 
container 15a. and a bundle of capillary tubes 15b 
made of semipermeable material enclosed within said 
liquid-tight container 15a. The bundle of capillary tubes 
15b has passing through it the blood leaving the purifi- 
cation unit 2, or leaving the capillary fibre filter 8, while 
the container 15a is connected to the circulation pump 

16 which is intended to convey into said container 15a 
reinfusion liquid or dialysis liquid, at a pressure deter- 
mined so as to cause the reinfusion liquid to pass inside 
the capillary tubes 15b where said reinfusion liquid is 
mixed with the blood flowing along said capillary tubes 
15b. 

[0028] The walls of the capillary tubes 15b are made 
so as to allow the passage of the reinfusion liquid but 
not of any impurities present in suspension; conse- 
quently, the reinfusion liquid, or the dialysis liquid, pass- 
ing inside the capillary tubes 15b so as to be mixed with 
the patient's blood, is filtered and leaves all its impurities 
inside the container 1 5a and outside the capillary tubes 
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15b. 

[0029] In the example illustrated, the capillary fibre fil- 
ter 8 and the mixing and filtering assembly 15 are of the 
use-and-thrcw type and are arranged in tandem with 
one another, and can if appropriate be incorporated into s 
a single member. The pipe 7 is therefore connected to 
the outlet of the mixing and filtering assembly 15. 
[0030] The liquid reintegrating device 5 also com- 
prises means for sensing the presence of the patient's 
blood inside the container 15a; the presence of blood 10 
inside the container 15a being indicative of the fact that 
one or more capillary tubes 1 5b are ruptured, and there- 
fore that the mixing and filtering assembly 15 is mal- 
functioning. 

[0031 ] The means for sensing the presence of blood 1 5 
are connected to the central control unit 17, which is 
capable of controlling the circulation pump 3, the pump- 
ing unit 10 and the circulation pump 16, and in general 
to monitor the functioning of the various components of 
the machine 1 so as to indicate any malfunctions that 20 
would be dangerous for the patient's safety. 
[0032] Obviously, if conditions that are particularly 
dangerous for the patient's well-being are ascertained, 
the control unit 17 can deactivate the machine 1 . 
[0033] In the example illustrated, the sensing means 25 
are constituted by an optical sensor 18. which is 
arranged outside the container 15a, facing a transpar- 
ent portion of the wall of said container 1 5a. The optical 
sensor 1 8 is capable of sensing a variation in the colour 
of the reinfusion liquid arising from the presence of 30 
blood, so as to notify the control unit 17 of the machine 

1, in real time, of the breakage or fissuring of one or 
more capillary tubes 15b, or a loss of efficiency in the 
mixing and filtering assembly 15. 

[0034] According to a variant not illustrated, the liquid 35 
reintegrating device 5 is capable of mixing the reinfusion 
liquid with the patient's blood entering from the purifica- 
tion unit 2. In this case, the mixing and filtering assem- 
bly 15 is arranged upstream of the blood purification unit 

2, or on the opposite side from the dripping device 4. 40 
[0035] According to the variant illustrated in Figure 2, 

the machine 1 is provided with a recirculation circuit 20 
capable of collecting the reinfusion liquid from one zone 
of the container 15a and returning it to another part of 
the same container 1 5a. so as to create a current capa- 45 
ble of preventing any impurities left by the reinfusion liq- 
uid outside the capillary tubes 15b from being deposited 
on the walls of said capillary tubes 15b. 
[0036] With reference to Figure 2, in the example illus- 
trated the recirculation circuit 20 comprises a pipe 21 so 
made of plastic material connecting together the upper 
and lower ends of the container 15a of the mixing and 
filtering assembly 15, and a bleed valve 22 arranged 
along the pipe 21 . Said bleed valve 22 is capable of con- 
necting said pipe 21 to the outside, when commanded, . ss 
so as to discharge the reinfusion liquid from the con- 
tainer 15a. 

[0037] The flow of reinfusion liquid inside the con- 


tainer 15a is ensured by the circulation pump 16, which 
acts simultaneously both on the pipe 21 and on the pipe 
connecting the mixing and filtering assembly 15 with the 
vessel 9 downstream of the filtering member 12. 
[0038] In this case the optical sensor 18 can be 
arranged along a transparent portion of the pipe 21 
instead of outside the container 15a! 
[0039] The haemodiaiysis machine 1 has the particu- 
lar advantage of having a low number of components to 
be sterilised and tested, substantially reducing the 
machine's downtime. The mixing and filtering assembly 
15, of the use-and-throw type, does not actually have to 
be sterilised and tested before starting another dialysis 
treatment, these operations being carried out by the 
manufacturer. 

[0040] Another advantage of the haemodiaiysis 
machine 1 described above and illustrated is that it per- 
mits a real-time check that the mixing and filtering 
assembly 15 is working correctly, actually eliminating 
the risk that the patient might receive reinfusion liquid 
that has not been correctly filtered. 
[0041] Finally, it is clear that modifications and varia- 
tions can be made to the haemodiaiysis machine 1 
described and illustrated here without thereby leaving 
the scope of the present invention. 

Claims 

1. Haemodiaiysis machine (1) comprising a purifica- 
tion unit (2) through which is conveyed the blood of 
the patient that is to be purified of toxic substances 
in solution, a blood supply circuit (6, 7) capable of 
conveying the blood of the patient through said puri- 
fication unit (2), and a liquid reintegrating device (5) 
capable of mixing into the blood conveyed through 
said purification unit (2) a reinfusion liquid that is 
capable of restoring the correct percentage of salts 
and liquids in the blood; the liquid reintegrating 
device (5) comprising a source (9) of reinfusion liq- 
uid, mixing means (15) arranged along said blood 
supply circuit (6, 7) and connected to said source 
(9) in order to mix the reinfusion liquid with the 
blood conveyed through the purification unit (2). 
and at least one filtering member (15) interposed 
between said source (9) and said mixing means 
(15); said haemodiaiysis machine being character- 
ised in that said filtering member (15) is incorpo- 
rated into said mixing means (15), so that the 
filtering of the reinfusion liquid and the mixing of the 
reinfusion liquid itself with the blood conveyed 
through said purification unit (2) take place simulta- 
neously. 

Haemodiaiysis machine according to Claim 1 , char- 
acterised in that said mixing means (15), incorpo- 
rating said filtering member (15), are arranged 
downstream of said purification unit (2). 
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3. Haemodialysis machine according to Claim 1 , char- 
acterised in that said mixing means (15), incorpo- 

i rating said filtering member (15), are arranged 

upstream of said purification unit (2). 

5 

4. Haemodialysis machine according to Claims 2 or 3. 
characterised in that said mixing means (15), incor- 
porating said filtering member (15), comprise a liq- 
uid-tight container (15a) connected to said source 
(9), and a bundle of capillary tubes (15b) that is to 
positioned inside said liquid-tight container (15a), 
and capable of having pass through it the blood of 
the patient, which blood is conveyed through said 
purification unit (2); said capillary tubes (15b) being 
made of semipermeable material capable of per- 15 
mitting the passage of the reinfusion liquid inside 
said capillary tubes (15b). keeping outside any 
impurities in suspension. 

5. Haemodialysis machine according to Claim 4, char- so 
acterised in that it is provided with means (18) for 
sensing the presence of the blood of the patient in 
the reinfusion liquid contained inside said liquid- 
tight container (15a) in order to sense any fissuring 

of said capillary tubes (1 5b). 25 

6. Haemodialysis machine according to Claims 4 or 5, 
characterised in that said mixing means (15), incor- 
porating said filtering member (15), comprise a 
recirculation circuit (20) capable of producing a flow 30 
of reinfusion liquid inside the liquid-tight container 
(15a), which flow is capable of preventing the depo- 
sition of impurities in suspension on the walls of the 
capillary tubes (15a). 

35 

7. Haemodialysis machine according to any one of 
Claims 4 to 6, characterised in that it comprises 
pumping means (1 6) capable of conveying the rein- 
fusion liquid from said source (9) to said liquid-tight 
container (15a). 40 


rating said filtering member (15). is made at least 
partly of transparent material, and said means (18) 
for sensing the presence of Wood comprise an opti- 
cal sensor (1 8), which faces the transparent portion 
of said liquid-tight container (1 5a), and is capable of 
sensing a variation in colour of the reinfusion liquid 
contained inside the liquid-tight container (15a), 
caused by the presence of blood in solution. 

Haemodialysis machine according to any one of 
Claims 5 to 9, characterised in that said circulation 
pipe (21) is made at least partly of transparent 
material, and said means (18) for sensing the pres- 
ence of blood comprise an optical sensor (18), 
which faces the transparent portion of said circula- 
tion pipe (21), and is capable of sensing a variation 
in colour of the reinfusion liquid circulating inside 
the circulation pipe (21), caused by the presence of 
blood in solution. 

Haemodialysis machine according to Claims 9 or 
11, characterised in that said recirculation circuit 
(20) comprises a bleed valve (22) arranged along 
said circulation pipe (21); said bleed valve (22) 
being capable of connecting the pipe (21) with the 
outside, when commanded, so as to discharge the 
reinfusion liquid from said liquid-tight container 
(15a). 

. Haemodialysis machine according to any one of the 
preceding claims, characterised in that said purifi- 
cation unit (2) and said mixing means (15), incorpo- 
rating said filtering member (15), constitute a single 
unit 

. Haemodialysis machine according to any one of the 
preceding claims, characterised in that said purifi- 
cation unit (2) and said mixing means (1 5), incorpo- 
rating said filtering member (15), are of the use- 
and-throw type. 


8. Haemodialysis machine according to Claim 7, char- 
acterised in that said pumping means (16) com- 
prise a peristaltic pump (16). 

45 

9. Haemodialysis machine according to Claims 6 and 
8. characterised in that said recirculation circuit (20) 
comprises a circulation pipe (21) connecting 
together two ends of said liquid-tight container 
(15a); said peristaltic pump (16) being capable of so 
acting on said circulation pipe in order to supply, in 
parallel, the reinfusion liquid from said source (9) to 
said liquid-tight container (15a), and the reinfusion 
liquid along the circulation pipe (21). 

55 

10. Haemodialysis machine according to any one of 
Claims 5 to 9, characterised in that the liquid-tight 
container (15a) of said mixing means (15), incorpo- 
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